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2 Selectfluor TM and NFSI are commonly used by medicinal chemists due to the relative ease of handling these shelf-stable, solid reagents and wide commercial availability. Many fluorinated 6-membered heteroaromatic derivatives find applications in a wide variety of drugs and plant protection systems and, consequently, there are many examples of the synthesis of fluorinated 6-membered heteroaromatic rings by selective fluorination strategies in the literature as typified by the preparation of a range of fluoro-pyridine and -pyrimidine systems. 2, 3 On the other hand, selective fluorination of 5-membered heteroaromatic systems is rare and, in particular, there are only very few reports concerning the synthesis of fluorinated 5-membered heteroaromatic systems that have two ring heteroatoms, such as fluoro-pyrazoles, isoxazoles and thiazole derivatives. [4] [5] [6] We recently reported selective fluorination of pyrazoles using fluorine gas or Selectfluor TM to give 4-fluoropyrazole or 4,4-difluoro-1H-pyrazole derivatives depending on the reaction conditions in moderate to good yields (Scheme 1). 7 As part of a wider research programme aimed at synthesizing fluorinated 5-membered heteroaromatic systems, in this paper, we report our studies concerning the fluorination of isoxazoles using Selectfluor TM . 
literature reports, we aimed to develop general, robust and accessible procedures for the synthesis of fluoro-isoxazoles by electrophilic fluorination reactions.
Results and Discussion
Following our results concerning the fluorination of pyrazoles 7 , the corresponding 3,5-diphenylisoxazole (1a) was fluorinated in a similar manner by using Selectfluor TM assisted by microwave (µW) irradiation to give 3,5-diphenyl-4-fluoroisoxazole (2a) in moderate yield.
Reaction conditions were optimized with respect to reaction time, solvent and reaction temperature as shown in Table 1 . Table 1 . Fluorination of 3,5-diphenyl-4-fluoroisoxazole and reaction optimization.
Some N-fluoropyridinium salts (F-Py-X) and NFSI fluorinating agents were ineffective in bringing about fluorination, but the desired product (2a) was obtained in moderate yield by using Selectfluor TM (entries 1-9). Sulfolane was found to be the most effective solvent for this reaction (entries [10] [11] [12] [13] [14] . In attempts to improve the yield various salts such as NaOTf, AgOTf, Sc(OTf) 3 and NaOEt were added to the reaction mixture, but these additives did not improve the yield of fluoroisoxazole product. Simple heating by conventional oil bath also gave the desired fluoroisoxazole product in similar yield as shown in entries 15-18. These results contrast with earlier reports 5b regarding the fluorination of reaction of (1a) with Selectfluor TM .
Using the optimized conditions (Table 1 , entry 17 : sulfolane, 120 °C, 1 h), fluorination of several related isoxazoles were investigated and the results are summarized in Table 2 . Table 2 . Selective fluorination of isoxazoles.
3,5-Diarylisoxazoles that have electron donating group substituents gave the desired products in slightly higher yields in comparison to substrates bearing electron withdrawing groups, as would be expected for an electrophilic substitution process. A stronger donating group such as -OMe gave significant quantities of tar that decreased the yield of (2b), but milder reaction conditions (90 °C, 2 h) improved the yield. For isoxazole substrates bearing other alkyl substituents, fluorination reactions gave the desired fluoroisoxazoles (2c-f) in moderate yields. All monofluorinated isoxazole products were isolated by column chromatography and characterized by NMR and mass spectrometry. In addition, the molecular structures of compounds (2a), (2c) and (2d) were confirmed by X-ray crystallography ( In attempts to increase the yield of the monofluorinated systems, we found that using an excess amount of Selectfluor TM gave another type of fluorinated system, 4,4,5-trifluoroisoxazolines (3) , rather than increased amounts of 4-fluoroisoxazole products. Generation of a single 4,4,5-trifluoroisoxazoline derivative (3) was reported as a side product in a previous paper by Stephens and coworkers. 5c In our case, products (3) were obtained in moderate to good yields using an excess amount of Selectfluor TM and the results are summarized in Table 3 . 3,5-Di-pmethoxyphenylisoxazole and 3-methyl-5-phenylisoxazole (1b and 1f) gave a complex mixture of products and, (3b) and (3f) were obtained in low yield, respectively. The use of milder conditions in acetonitrile (reflux, 90 °C) improved the yield of the trifluorinated systems considerably. However, p-trifluoromethyl substituents seriously decreased the reactivity of the isoxazole substrate and, consequently, the 4-fluoroisoxazole (2e) was isolated in low yield rather than the trifluoroisoxazoline (3e). Table 3 . Selective fluorination of various isoxazoles using excess amount of Selectfluor TM .
It was important to very rigorously dry the sulfolane solvent by vacuum distillation over sodium wire before attempting this trifluorination process because, when moist sulfolane was used (dry sulfolane from chemical suppliers used as received), a hydroxylated derivative was obtained after purification by column chromatography (Scheme 2).
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7 Scheme 2. Synthesis of 4,4-difluoro-3,5-bis(phenyl)-isoxazol-5-ol derivatives (4).
The structures of 4a and 4c were confirmed by X-ray crystallography ( To provide a more consistent and readily operated synthesis of 4-fluoroisoxazole derivatives, we assessed a one-pot synthesis of 4-fluoroisoxazole 2 from the corresponding diketone 5 which in case of (5c), R=R'=p-Tol exists in the disordered enol form in the crystal (Fig. 3 ).
9 Figure 3 . Molecular structure of diketone 5c (R=R'=p-Tol, both components of disordered hydrogen atoms are shown).
Fortunately, reaction of diketone (5), hydroxylamine and Selectfluor TM in a single-pot, µW assisted process provided a great improvement in the yield of fluoroisoxazole as shown in Table 4 .
By this one-pot process, 4-fluorinated isoxazoles were obtained together with a small amount of monofluorodiketone derivative in most cases but, even when 3 equivs. of Selectfluor TM was used, the corresponding 4,4,5-trifluoroisoxazolines (3) were not obtained. The presence of monofluorinated diketones in the reaction mixtures, as observed by 19 F NMR spectroscopy,
indicates that fluorination of the diketone substrates occurs before cyclisation leading to higher yields of the desired fluoroisoxazole products. Table 4 . One-pot synthesis of 4-fluoroisoxazole derivatives (2) .
Based on the successful fluorination of isoxazoles, we used our methodology for the synthesis of a biologically active fluoroisoxazole system. Transient receptor potential vanilloid 1 (TRPV1) is a Ca 2+ permeant non-selective cation channel expressed in a subpopulation of primary afferent neurons and led to the cloning of the first vanilloid (capsaicin) receptor by Julius and colleagues in 1997. 8 Recently a new series of TRPV1 antagonists that are expected to aid in management of acute and chronic pain was reported and, 4-fluoroisoxazole-3-carboxyamides showed moderate potency in a TRPV1 assay. 9 Using the synthetic methodology described above, we targeted the synthesis of 4-fluoroisoxazole-3-carboxyamide (2j) following the strategy shown in Scheme 4 M A N U S C R I P T
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because this system has been reported to be a potent TRPV1 antagonist. 9b Reaction of diethyl oxalate and p-trifluoromethylacetophenone to form the corresponding diketoester (8) was followed by condensation with hydroxylamine hydrochloride to give the isoxazole (1j). Hydrolysis and amidation of 1j gave the corresponding isoxazole-3-carboxyamide (1k). The fluorination of 1k as the final stage gave a desired TRPV1 antagonist (2k), although its yield was very low. To improve the yield, 1j or related 3-hydroxymethyl-isoxazole (1l), were used as the substrates but no fluoroisoxazole products were obtained. Unfortunately, our one-pot strategy also failed to give higher yields of (2k) from (8) despite many attempts using a range of reaction conditions. Scheme 4. Synthesis of 4-fluoroisoxazole-3-carboxyamide as a TRPV1 antagonist.
Conclusions
In conclusion, we demonstrated that the C-4 fluorination of 3,5-disubstituted isoxazoles is possible when Selectfluor TM is used as the fluorinating agent using both conventional oil bath heating and µW irradiation. We also showed that using an excess amount of Selectfluor TM gave the corresponding 4,4,5-trifluoroisoxazolines in moderate to good yields if thoroughly dry sulfolane is used as the reaction medium. The synthesis of 4-fluoroisoxazole derivatives can best be achieved in high yields by a one-pot process involving heating the 1,3-diketone substrate, Selectfluor TM and hydroxylamine in sulfolane using microwave heating.
Experimental
General Information
1 H NMR and 13 C NMR spectra were recorded on JNM-GX400 spectrometers. 
General procedure for selective fluorination of isoxazoles to synthesise 2 assisted by µW
irradiation.
Isoxazole (1; 1 mmol) and Selectfluor TM (1 mmol) were added to a microwave vial and suspended in sulfolane (4 mL). The vial was sealed and heated by microwave irradiation for 15 minutes at 150 °C. The resulting mixture was quenched with NaHCO 3 and, extracted with AcOEt.
The AcOEt layer was washed with brine and dried over MgSO 4 . The solvent was removed in vacuo and the residue was purified by column chromatography to give 4-fluoroisoxazole (2).
General procedure for selective fluorination of isoxazoles to synthesise 2 heated by oil bath.
Under an Ar atomosphere, isoxazole (1; 1 mmol) and Selectfluor TM (1 mmol) were suspended in sulfolane (4 mL) and stirred for 1 h at 120 °C. The resulting mixture was quenched with NaHCO 3
and, extracted with AcOEt. The AcOEt layer was washed with brine and dried over MgSO 4 . The solvent was removed in vacuo and the residue was purified by column chromatography to give 4-fluoroisoxazole (2).
General procedure for the synthesis of 4,4,5-trifluoroisoxazolines 3.
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Under an Ar atomosphere, isoxazole (1; 1 mmol) and Selectfluor TM (3 mmol) were suspended in sulfolane (4 mL) and stirred for 1 h at 120 °C. The resulting mixture was quenched with NaHCO 3 and, extracted with AcOEt. The AcOEt layer was washed with brine and dried over MgSO 4 . The solvent was removed in vacuo and the residue was purified by column chromatography to give 4-fluoroisoxazole (3).
General procedure for the synthesis of 4,4-difluoroisoxazol-5-ols 4.
A mixture comprising of isoxazole (1, 1 mmol) and Selectfluor TM (3 mmol) in moist sulfolane (4 mL) was irradiated by microwave heating at 150 °C for 1 h. The product was extracted into chloroform, washed sequentially with sat. NaHCO 3 and brine, then dried (MgSO 4 ) and the solvent was removed in vacuo. Column chromatography on silica gel using hexane:ether:triethylamine (70:10:1) as eluent gave the 5-hydroxyl product (4).
General procedure for the one-pot synthesis of 4-fluorinated isoxazoles 2 assisted by µW irradiation.
Diketone (5; 1 mmol), hydroxylamine hydrochloride (3 mmol) and Selectfluor TM (1 mmol) were added to a microwave vial and suspended in sulfolane (4 mL). The vial was sealed and heated by microwave irradiation for 15 minutes at 150 °C. The resulting mixture was quenched with NaHCO 3 and, extracted with AcOEt. The AcOEt layer was washed with brine and dried over MgSO 4 . The solvent was removed in vacuo and the residue was purified by column chromatography to give 4-fluoroisoxazole (2).
Synthesis of ethyl 5-(4-(trifluoromethyl)phenyl)isoxazole-3-carboxylate (1j).
Under an Ar atomosphere, to a solution of p-trifluoromethylacetophenone (6; 2 mmol) and diethyl oxalate (7; 4 mmol) in THF (10 mL) was added 1. 
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Synthesis of N-cyclopentyl-5-(4-(trifluoromethyl)phenyl)isoxazole-3-carboxamide (1k).
To a solution of 1j (285 mg, 1 mmol) in THF (5 mL) was added a solution of LiOH (71 mg, 1.7 mmol) in H 2 O (5 mL) at rt and, the mixture was stirred for 1 h. The resulting mixture was quenched with 10% HCl, and extracted with AcOEt. The AcOEt layer was washed with brine and dried over MgSO 4 . The solvent was removed in vacuo and, then the reaction residue was dissolved in CH 2 Cl 2 (8 mL). A solution of oxalyl chloride (0.25 mL, 3 mmol) in CH 2 Cl 2 (1.5 mL) was added to the residue solution and stirred for 20 min. A few drops of DMF were added and the mixture was stirred for 2 h at rt. The solvent was removed in vacuo and the residue was dissolved in CH 2 Cl 2 (8 mL). Et 3 N (0.5 mL) and cyclopentylamine (5 mL) were added and the solution was stirred for 16 h at rt. The resulting mixture was quenched with 10% HCl and extracted with AcOEt, then dried over MgSO 4 . The solvent was removed in vacuo and the residue was purified by column chromatography (SiO 2 ) to give the product (1k) (300 mg, 93 %). 3067, 1466, 1215. . ( 1650 , 1619 , 1538 , 1321 , 1175 , 1136 . ( 5. 10 4, 4, 3 (ddd, J = 241.5, 36.5, 21.1 Hz), 124.1 (m), 124.8 (ddd, J = 290.5, 256.1, 34.4 Hz), 127.3 (m), 127.4 (d, J = 1.7 Hz), 128.3 (m), 128.9, 129.5, 131.4 (d, J = 1.7 Hz), 132.5, 154.8 (dd, J = 25.6, 23. 5.11 4, 4, 55.31, 55.39, 111.0 (ddd, J = 239.7, 36.1, 21.2 Hz), 113.9, 114.6, 116.1 (dd, J = 3.0, 1.4 Hz), 119.9 (dd, J = 27.9, 0.9 Hz), 124. 4 (ddd, J = 271.9, 254.6, 35.4 2967 , 2936 , 1613 , 1518 , 1265 5.13 3, 4, 5.14 4, 4, . (0.14 g, 67%); colorless oil; 1 H M A N U S C R I P T 5.15 4, 5.16 4, 
5.
Spectroscopic Data
Ethyl 5-(4-(trifluoromethyl)phenyl)isoxazole-3-carboxylate (1j
5,2 N-Cyclopentyl-5-(4-(trifluoromethyl)phenyl)isoxazole-3-carboxamide (1k
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14 5.
4-Fluoro-3,5-bis(4-methoxyphenyl)isoxazole (2b
5.
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
A C C E P T E D ACCEPTED MANUSCRIPT
X-Ray crystallography
The single crystal X-ray diffraction data for the compound 5 have been collected on an Agilent
XCalibur diffractometer (Saphire-3 CCD detector, graphite monochromator,) and for all other compounds on a Bruker D8 Venture (Photon 100 CMOS detector, IµS microsource, focusing mirrors) diffractometer using λMoKα radiation, λ =0.71073Å. All data were collected at the for all data using SHELXTL 10 and Olex2 11 software. All non-disordered non-hydrogen atoms were refined anisotropically, hydrogen atoms were placed in the calculated positions and refined in riding mode. The disordered atoms were refined with fixed SOF=0.5 in isotropic approximation. The structure 2c shows the whole molecule disorder and was refined isotropically with a number of geometry constrains. The crystallographic data and refinement paramaters are shown in Table 5 , M A N U S C R I P T
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18 crystallographic data for the structure have been deposited with the Cambridge Crystallographic Data Centre as supplementary publication CCDC-1440941-1440946. 
7.
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